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Spermophilus columbianus (Ord.), S. franklinii, 8. lateralis tescorum (Hollister), 8. richardsonii, S. tridecemlineatus, and S. undulatus plesius Osgood ground squirrels were live-trapped at various localities in Alberta and Yukon Territory (S. u. plesius only), Canada. Prevalence of trypanosomiasis in these hosts is described in another publication (Hilton & Mahrt, 1972) . S. I. tescorum was the only species not naturally infected.
Combinations of statistical analysis of size differences, host-specificity, intensity and duration of experimental infections and geographical distributions were used as diagnostic criteria in determining the taxonomic status of the trypanosomes present in these ground squirrels.
Similar studies were carried out on Sprague-Dawley white rats and BalB-C white mice infected with the trypanosomes T. lewisi (L strain) and T. musculi, respectively (obtained in 1970 from D. R. Lincicome of Howard University, Washington, D.C.). Both trypanosomes are considered to be valid species and for this reason comparisons were made among them and the ground squirrel trypanosomes to determine if they were demonstrably different from the latter as regards morphology, intensity and duration of infection, and host specificity.
Cross-transmission studies
Blood from infected wild-caught ground squirrels was withdrawn by cardiac puncture and mixed with an equal volume of mammalian saline (containing 3 % sodium citrate by volume as an anticoagulant). Aliquots (usually 0-1-0-4 ml) of this blood-saline mixture were injected intraperitoneally into recipient ground squirrels. In order to determine the courses of infection, experimentally infected animals were blood sampled (by tail clipping) every 1, 2, or 3 days until they had lost their infections (as determined by negative haemocytometer counts for 2 consecutive weeks). Blood was drawn to the 0-5 mark in a Thoma white cell blood diluting pipette, then distilled water was sucked up to the 11 mark. Distilled water lysed the red blood cells, leaving only white blood cells and trypanosomes (albeit distorted), which were counted in a bright-lined Neubauer improved haemocytometer using phase-contrast microscopy at a magnification of x 200.
A supply of known uninfected ground squirrels was obtained by collecting pregnant ground squirrels (S. richardsonii and S. tridecemlineatus) in April 1971; they were dusted with louse powder (containing rotenone and abrasive particles) to remove all ectoparasites and kept in cages supplied with cotton nesting material. One-half of each litter was experimentally infected (after weaning) with the trypanosome strain from S. columbianus and the other half with the strain from S. richardsonii.
Morphological studies At the time blood was taken for counting, a thin smear was also made and stained with Wright's blood stain (Frankel, Reitman & Sonnenwirth, 1970) . Trypanosomes were drawn at a magnification of x 1000 with the aid of a Wild drawing tube. Measurements of seven trypanosome body regions (total length, flagellar length, nucleus length, body width at widest point, P-K, K-MN and MN-A) (see Fig. 1 ) were determined from the drawings using a calibrated map measurer (0-125 in = 3 fim at x 1000) for all strains from both naturally and experimentally infected ground squirrels. Basic statistics calculated for each measurement were: number of hosts (NH), number of trypanosomes (NT), mean, standard deviation (s.D.) of the sample mean, estimated standard error (S.E.) of the mean, coefficient of variation (c.v.) expressed as a percentage, and range. Various comparisons (Tables 3 and 4 are presented as examples) were made among and within strains (for each body measurement) using the Student-NeumanKeuls (SNK) analysis of variance test . Since the means were ranked, those which are non-significant have been designated as such by drawing a vertical line beside them (Tables 3, 4) as was suggested by .
Correlation coefficients were computed among the seven measurements to determine if the size of any particular body region was correlated with that of any other (s) within any one trypanosome strain. All data and programs were FORTRAN IV coded on punch cards and computations were performed on an IBM 360/67 digital computer. RESULTS Host specificity of trypanosomes Strains of trypanosomes from four species of ground squirrels were used experimentally to inoculate wild-caught individuals of six species of ground squirrels ( infections. The strain from S. richardsonii produced infections in all species of hosts. In heterologous recipients the proportion infected varied from 2/12 S. undulatus to 5/5 S. tridecemlineatus, respectively, compared with 20/30 8. richardsonii that became infected when inoculated with the trypanosome strain from the same host species. A few (5/38) squirrels which could not be infected with the strain from S.franklinii or tridecemlineatus were successfully infected when reinoculated with the strains from 8. richardsonii. This did not occur in thirteen squirrels initially inoculated with the strain from S. columbianus.
Of the juvenile (6-7 weeks old) ground squirrels born and reared in the laboratory (and known never to have been infected), 16/22 and 22/22 S. richardsonii developed infections after inoculation with trypanosome strains from S. columbianus and 8. richardsonii, respectively. All the infections with the strain from S. richardsonii were very heavy (subjective measurement) while those induced by the 8. columbianus trypanosome strain were very light. Reinoculation (with the S. richardsonii trypanosome strain) of the six ground squirrels which had not become infected with the strain from 8. columbianus resulted in all six developing heavy infections.
Similarly, 7/9 and 9/9 juvenile (laboratory-reared) S. tridecemlineatus developed infections after inoculations with trypanosome strains from S. columbianus and S. richardsonii, respectively. The two 8. tridecemlineatus that did not develop an infection with the 8. columbianus trypanosome strain were not reinoculated. Although infections with the 8. richardsonii trypanosome strain were heavier than those with the strain from S. columbianus, the differences were not as marked as in the S. richardsonii juveniles.
Ten white rats and ten white mice inoculated with the trypanosome strain from S. richardsonii did not develop parasitaemia. Six each of these same rats and mice were later inoculated with T. lewisi and T. musculi, respectively. All developed infections.
All ground squirrel individuals that had lost their natural or experimental * Plus signs in this column represent ground squirrels which were naturally infected when collected. Thus, the first inoculation into these individuals is equivalent to a 'second' inoculation as far as interpretation of results is concerned. infections were refractory to reinfection with the same or other trypanosome strains ( from the increase phase until just before termination of the infection (see Fig. 2 for infection stages). No animal developed a detectable super-infection.
Intensity and duration of parasitaemia in experimental infections
The prepatent period (as determined by stained thin blood smears) varied from 2 to 10 days with the average for each host species as follows: S. columbianus and 8. franklinii (7); S. lateralis, S. richardsonii, 8. tridecemlineatus, and 8. undulatus (6) . These differences are not statistically significant (P = 0-05). Both the T. lewisi and T. musculi infections of white rats and white mice, respectively, became patent on the third day after inoculation. This difference between ground squirrels and rats and mice is statistically significant (P -0-05).
Examples of infections produced in some ground squirrels after inoculation with the trypanosome strain from 8. richardsonii are given in Figs. 3 and 4. Generally, infections in 8. columbianus (Fig. 3) , S. richardsonii (Fig. 4) and 8. undulatus could be divided into three stages designated as increase, decrease and terminal (Fig. 2) . This is unlike infections in S. franklinii, S. lateralis ( Fig. 3 ) and 8. tridecemlineatus (Fig. 4 ) which usually had increase and decrease stages only. The intensity and duration of infection that develops in each of these stages depends upon the host species. Thus, although there were wide individual variations, infections in individuals of all species (except S. lateralis) had intensity ranges of 200-3000 trypanosomes/mm 3 . Experimental infections in S. lateralis were unusual in that intensities were relatively high (about 40000 trypanosomes/mm 12-20 days for 8. lateralis and S. tridecemlineatus. Generalizations about the duration of infection cannot be made for S. franklinii or 8. undulatus since there were wide variations among the three infected individuals of 8. franklinii and there was only one infected 8. undulatus.
White rats infected with the L strain of T. letvisi usually developed infections (lethal in 7/14 rats) with an intensity of about 750000 trypanosomes/mm 3 and a duration of 15-25 days. White mice infected with a strain of T. musculi developed average parasitaemias of 20000 trypanosomes/mm 3 which terminated suddenly 18 days later.
Trypanosomes seem to be completely removed from the host's body after completion of the terminal infection phase since only 1/12 ground squirrels splenectomized (two of each species except for one 8. tridecemlineatus and three 8. undulatus) at this time developed a recrudescence of parasitaemia. This occurred in a naturally infected individual of 8. undulatus which had lost its countable infection 16 days previously but had a positive blood smear on the day of splenectomy (thus, the infection had not terminated). The renewed infection which developed in this animal was very short-lived.
Size comparisons of trypanosome strains
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range of 15-25 % depending upon the measurement, trypanosome strain, and type of comparison. Thus, when comparisons were made among and within trypanosome strains using only total length and K-MN there was a better chance of finding significant differences. However, many comparisons made with the other body measurements confirmed the results obtained with length and K-MN.
In the comparisons of trypanosome size among the five species of naturally 16-2 9-3 9-4 10-1 10-6 10-9 11-2 11-4 13-6 3-6 3-7 3-9 4-1 4-1 4-4 4-4 4-5 10-1 11-4 12-7 13-7 140 14-2 14-6 14-8 16  19  18  18  19  19  15  17  24  19  19  23  21  18  19  17  18  17 Trypanosome strains of T. lewisi (from white rats) and T. musculi (from white mice) were similar in size (for length and K-MN) to trypanosomes from experimental infections in 8. tridecemlineatus (Table 4) . However, the strains of T. lewisi and T. musculi were usually significantly different from one another. It does not appear that populations of T. lewisi and T. musculi are readily separable (by size alone) from the trypanosome populations of ground squirrels.
Trypanosomes from naturally infected ground squirrels were usually larger in size (sometimes significantly) than those from experimental infections in the same host species (Figs. 5, 6 ). Exceptions to this occurred in 8. franklinii and 8. tridecemlineatus, in which, no matter what the inoculum source, trypanosomes from natural infections were usually smaller than those from experimental infections, but not significantly different from them except for those in 8. franklinii.
The trypanosomes from males of a ground squirrel species were often smaller than those from females (though not significantly so, except for 8. franklinii). With occasional exceptions this same trend occurred in both naturally and experimentally infected ground squirrels. In contrast, T. lewisi and T. musculi from male white rats and white mice, respectively, were usually larger (not significantly) than those from females, both experimentally infected.
The trypanosome populations from two species of ground squirrels experimentally infected with aliquots of the same inoculum (Figs. 7, 8 ) exhibited similar size differences. Thus, the lengths of trypanosomes from 8. richardsonii and S. tridecemlineatus (Fig. 7) and 8. columbianus and 8. tridecemlineatus (Fig. 8) often were significantly different from each other. In contrast, trypanosome populations from the following pairs of host species usually did not differ significantly in size: 8. columbianus against S. lateralis (Fig. 7) ; 8. franklinii against S. undulatus (Fig. 8) ; and 8. columbianus against 8. franklinii (Fig. 8) . When several trypanosome strains were inoculated into different individuals of the same host species the trypanosomes from these experimental infections within one host species were not significantly different from one another in length (Fig. 8) 
J=±
. c •*• Fig. 8 . Variations in total length of trypanosomes from infections produced in ground squirrels of different species. Recipient squirrels in each group received aliquots of the same inoculum. Note: symbolism employed is the same as that in Fig. 7 .
Each of the experimental infections compared in Table 4 have been divided into increase, decrease and terminal stages (see Fig. 2 ) and comparisons made among these stages for each host species. There were usually no significant size differences among the stages from experimentally infected ground squirrels. However, in white rats experimentally infected with the trypanosome T. lewisi, trypanosomes from the increase and decrease phases were much more highly variable (i.e. large c.v.) than the terminal phase even though the size differences among them were not statistically significant. The same was true for the differences between the increase and decrease phases from white mice infected with the trypanosome T. musculi, except that there was no terminal phase.
With the exception of total length, body measurements of trypanosomes from naturally and experimentally infected ground squirrels, and from white rats and mice experimentally infected with the trypanosomes T. lewisi and T. musculi, use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0031182000044036 Downloaded from https:/www.cambridge.org/core. IP address: 54.191.40.80, on 09 Jul 2017 at 11:58:38, subject to the Cambridge Core terms of respectively, showed no significant correlations. Since P-K, K-MN, MN-A, and flagellar length together make up total length, they were usually positively correlated with it. DISCUSSION
Host specificity of ground squirrel trypanosomes
The fact that white rats and white mice could not be infected with the trypanosome strain from naturally infected 8. richardsonii corroborates the related findings of Becker & Roudabush (1934) , Bozhenko (1927) , Culbertson (1941) , Davis (1952) , Dorney (1967) , Galuzo & Novinskaya (1968) , Grewal (1957) , Molyneux (1969a, b) , Quay (1955), and Wood (1936) . These workers all found it was impossible to infect hosts from different genera or higher taxonomic categories.
We were able to infect ground squirrels of six species with the trypanosome strains from three of the same six species, but were unable to do so with the trypanosome strain from S.franklinii (Table 1 ). In our cross-transmission experiments the species of ground squirrel, and number of individuals of each species that could be successfully infected, depended upon the trypanosome strain inoculated. Thus, varying numbers of individuals of all six host species could be infected with the trypanosome strain from S. richardsonii, whereas only small numbers of individuals of 2/4 species of squirrels could be infected when the trypanosome strain from S. tridecemlineatus was used. Probably the failure to infect more ground squirrels with the strain from S. columbianus was a result of immune animals being used as recipients; none of those which resisted infection could later be infected with the strain from 8. richardsonii. Some of these failures may have been due to inadvertent insertion of the needle into the stomach or intestinal lumen during inoculation (Simmons, Cunningham, van Hoeve & Lumsden, 1963) .
There is a certain amount of host specificity involved. Thus, 22/22 8. richardsonii and 9/9 8. tridecemlineatus individuals (all laboratory reared) were heavily infected with the 8. richardsonii trypanosome strain whereas, of the litter mates, only 16/22 8. richardsonii and 7/9 S. tridecemlineatus developed light infections when inoculated with the S. columbianus trypanosome strain. The six 8. richardsonii individuals which failed to develop infections with the S. columbianus strain later became heavily infected when inoculated with the strain from S. richardsonii.
Once a ground squirrel had lost its natural infection it could not be reinfected with the same, or a different, strain of trypanosome (Table 2) . We were also unable to produce super-infections in ground squirrels using the same or different trypanosome strains. This suggests there are basic antigens common to all these trypanosome strains and once ground squirrels develop antibodies to these antigens, reinfection cannot normally be effected. Similar results have been obtained with the T. brucei group of pathogenic African trypanosomes (Zuckerman & Ristic, 1968) , in which there are both shared and variant-specific antigens.
Intensity and duration of parasitaemia in experimental infections
The course of an experimental infection was determined by both individual and species differences among hosts (Figs. 2-4 All the infections in ground squirrels were different from those produced in white rats and white mice by the trypanosomes T. lewisi and T. musculi, respectively. This emphasizes that both the host and trypanosome species determine the intensity and duration of experimental infections.
Following termination of parasitaemia in ground squirrels it appears that the immunity which has developed is sterile (i.e. trypanosomes are no longer present in the host's body) and of very long duration, possibly a life time (Table 2) . Splenectomy did not result in recrudescence of infections. This is similar to immunity in white rats against T. lewisi (Corradetti, 1963) .
Size comparisons of trypanosome strains
Host individuals exert an effect upon trypanosome size (Figs. 7, 8) . If allowances are made for this variation the five trypanosome strains obtained from naturally infected ground squirrels (Figs. 5, 6; Table 3 ) can be divided into two groups. The strains from S. columbianus, 8. richardsonii and S. undulatus form one group while those from 8. franlclinii and 8. tridecemlineatus comprise the second.
The differences in trypanosome size between natural and experimental infections were probably not the result of experimental infections having been initiated with the trypanosome strain from S. richardsonii. Even within this host species, trypanosomes from the natural and experimental infections were significantly different in size. One reason for these size differences may have been that cyclical development is required in the arthropod vector(s) before the strain sizes shown in Table 3 can be attained.
A strong influence is exerted on trypanosome size by the host species. Thus, when different individuals of S. columbianus and 8. tridecemlineatus were inoculated with the S. columbianus, S. richardsonii and S. tridecemlineatus trypanosome strains and the 8. columbianus and 8. richardsonii strains, respectively, trypanosomes from almost all experimental infections produced in either one of these two host species did not differ in size. Conversely, when aliquots of the same inoculum were injected into individuals of 8. tridecemlineatus and ground squirrels of another species the size differences between trypanosomes from the two infections that were produced were often significantly different.
Body measurements with a high coefficient of variation (c.v.) during the increase phase of a trypanosome infection are an indication of trypanosome reproduction in the host's bloodstream. This has been shown for infections of T. lewisi in white rats (Taliaferro, 1923; Taliaferro & Taliaferro, 1922) . Demonstration of reproducing forms in blood smears is confirmation that such reproduction occurs. The decrease and terminal phases of infection have lower c.v. values due to the removal of all young dividing (and therefore variable) trypanosomes by the firstcrisis antibody, leaving the monomorphic adult forms (Ormerod, 1963; Taliaferro & Taliaferro, 1922) . A similar situation exists in T. musculi infections of white mice except that differences in c.v. are not as great (D'Alesandro, 1970 bloodstream. This was shown by the similar coefficients of variation within each measurement region and by the monomorphic trypanosomes present in all three infection phases (Fig. 9) . This means there must be a tissue stage of reproduction from which trypomastigotes are released into the blood stream following a prepatent period of 6-7 days (as determined by stained blood smears). Reproduction of this type has been found to occur in the rodent trypanosomes T. evotomys, T. microti, T. nabiasi and T. zapi (Molyneux, 1970) . The body measurements we determined for trypanosomes from naturally infected ground squirrels were considerably larger than those recorded by other investigators (although our measurements showed similar differences between strains). Thus, Becker & Roudabush (1934) found total length of the trypanosomes, T. hixsoni (from S. franklinii) and T. iowensis (from S. tridecemlineatus) to be 32-0 and 26-3 /on, respectively. In contrast, our results for the strains from these two host species were 39-5 and 38-8 /im., respectively. Watson & Hadwen (1912) what measuring devices they used but in the past it has usually been calipers or a series of short straight lines drawn along the central axis of the trypanosome. Since we used a calibrated map measurer we were able to follow every curve in the trypanosome's body and our measurements would be greater than could be obtained with either calipers or straight lines.
Size discrepancies may also be due to differences in: optical equipment, fixing and staining methods, as well as strain variability (Taliaferro, 1923) . Hilton & Mahrt (1971) have shown that, of the ectoparasites present on three species of ground squirrels in Alberta, only fleas and lice could serve as efficient vectors since they are the only ectoparasites which are abundant and widely distributed on ground squirrels. Of these two groups, fleas are the more likely vectors because (unlike lice) they are active and transfer readily from individual to individual of a host species (Hopkins, 1949 (Hopkins, , 1957 . In all species thoroughly studied (Hilton, 1972; Molyneux, 1970) , fleas have been the biological vectors of lewisi-like trypanosomes of rodents even though lice can be mechanical vectors (providing they contain infected undigested blood) if they are ingested by a susceptible host (Wenyon, 1926) . We found developmental stages of trypanosomes in the hmdguts of 4/8 fleas that were allowed to feed on an infected 8. richardsonii. However, these fleas (though laboratory reared) were not reared from isolated eggs in a sterile medium and thus we cannot prove that fleas are vectors of the trypanosomes of ground squirrels since fleas have their own monogenetic trypanosome parasites (Wallace, 1966; Wenyon, 1926 ).
Natural transmission of trypanosomes
Although we have been able to infect ground squirrels of different species with trypanosome strains from other species of ground squirrels, we do not know whether this transmission occurs in nature. When we blood-sampled two populations of 8. franklinii and S. richardsonii (separated by 400 m) at weekly intervals from April to August 1971 we found that natural cross-transmission did not appear to take place between individuals of S. richardsonii and those of S. franklinii even though 22-2% (8/36) of the S. richardsonii were infected (none (0/21) of the 8. franklinii was ever infected). It is possible that there was insufficient movement of ground squirrels between the two areas for the exchange of infected ectoparasites necessary to produce infection. Ectoparasite exchange does occasionally occur between host species because fleas of the species Opisocrostis bruneri, normally specific for S. franklinii, have been recorded from S. richardsonii and S. tridecem-lineatus (Holland, 1949) . Such exchange could easily occur if individuals of one species of ground squirrel enter the (abandoned or temporarily vacant) burrows of another. This would provide an opportunity for fleas (which are nest parasites) to transfer to a different host species.
In Alberta, Canada, the ranges of the following ground squirrels overlap: 8. franklinii, 8. richardsonii and S. tridecernlineatus; S. colunibianus, 8. richardsonii and 8. tridecernlineatus; and 8. columbianus and 8. lateralis . Within these overlapping ranges we have often seen individuals of two or three species living within a few metres of one another. In these situations natural cross transmission might occur.
TAXONOMIC STATUS OF GROUND SQUIRREL TRYPANOSOMES
Although the trypanosomes of ground squirrels are not distinguishable from T. lewisi and T. musculi by size alone (Table 4 ) they can be distinguished because the latter have: (1) variable body size during the increase stage of infection, (2) a different type of reproduction in the vertebrate host, (3) rigid host specificity, and (4) large differences in duration and intensity of infections. These characters taken together serve to define T. lewisi and T. musculi as distinct species readily separable from the trypanosomes of ground squirrels.
Since the trypanosome strains (so far examined) from ground squirrels are all morphologically identical they cannot be separated into different species on the basis of morphological criteria. There are sometimes differences between strains in mensural variations, intensity and duration of infections, host specificity and geographical restriction. However, these are all characters which, when taken separately, could (at the most) be used only in distinguishing subspecies, not species (Corliss, 1962; Hoare, 1966; Sonneborn, 1957) .
The trypanosome strains from different species of ground squirrels should not be designated as subspecies because (1) strain differences are host influenced, and (2) geographical isolation of 8. undulatus from all other North American ground squirrels has not resulted in appreciable differences between the trypanosome strain in S. undulatus and those in the other host species. The fact that strain differences are host influenced is further emphasized by noting that trypanosome strains from ground squirrels of the subgenus Spermophilus (i.e. 8. columbianus, S. richardsonii and S. undulatus) are all similar to one another (as regards size and types of infection), but different from the strains found in 8. (Poliocitellus) franklinii and 8. (Ictidomys) tridecemlineatus. Trypanosome strains from ground squirrels of the latter subgenera show some differences from each other (size in experimental infections, levels of host specificity, duration of infections) as well as some similarities (size in natural infections, intensity of infections). Hoare's (1966 Hoare's ( , 1967 suggested application of the term xenodeme to hostrestricted trypanosome populations does not really apply to trypanosome strains from ground squirrels since in these latter cases host specificity is not absolute. In addition, geographical ranges of many ground squirrels overlap (Hall & Kelson, 1959) and it has been shown (Holland, 1949 ) that exchange of fleas can occur among ground squirrels of different species, thus perhaps providing opportunities for natural cross-transmission (assuming fleas are vectors). Gilmour & HeslopHarrison's (1955) term plastodeme is partially applicable to trypanosome strains from ground squirrels since it denotes populations differing phenotypically. However, even plastodeme is not entirely satisfactory because it indicates only that there are differences without specifying what types.
As most of the differences among trypanosome strains of ground squirrels are host influenced, it would be advantageous to have a collective term which denotes this variation. Consequently, we believe it is useful to use two descriptive prefixes in front of the root (deme) as has been done by Gilmour & Heslop-Harrison (1955) . Thus, populations of trypanosomes from different species of ground squirrels would be termed plastoxenodemes, i.e. populations whose differences are hostinfluenced.
Since most differences among trypanosome strains of ground squirrels result from host influences (and host specificity is not absolute) there is no basis for preserving the specific status of T. citelli, T. hixsoni and T. iowensis (described from 8. richardsonii, 8. franklinii and S. tridecemlineatus, respectively). Although we have no comparable information for the trypanosome strain (described as T. otospermophili) from S. beecheyi in California, there are at least four reasons for believing that it is also a plastoxenodeme: (1) 8. beecheyi is not geographically isolated and has overlapping distributions with 8. beldingi Merriam, 8. lateralis and S. mohavensis Merriam. These latter three species also have overlapping distributions with one or more other North American ground squirrels, thus providing a continuum with the five species of ground squirrels we worked with in Alberta. This would (in theory, at least) provide opportunities for natural cross-transmission. (2) Even though S. undulatus in North America is geographically isolated from all other North American species, the trypanosomes in S. undulatus are very similar to those from S. columbianus and 8. richardsonii as regards size and types of infection produced. (3) Similarly to our work, Bozhenko (1927) and Galuzo & Novinskaya (1968) determined (on the basis of complete cross-transmission) that there is only one species of trypanosome (T. spermophili) present in Eurasian ground squirrels. (4) Trypanosomes from S. beecheyi are identical in morphology to all other ground squirrel trypanosomes as well as being similar in size to the plastoxenodemes from 8. franklinii and 8. tridecemlineatus.
As a result of the foregoing we believe that only one species of trypanosome (T. otospermophili) is present in ground squirrels (Spermophilus spp.) in North America. It is probable that T. otospermophili and T. spermophili are the same species based on our work, the cross-transmission experiments of Bozhenko (1927) and Galuzo & Novinskaya (1968) , and the fact that 8. undulatus has a Holarctic distribution which overlaps with the distribution of other species of ground squirrels in south-central Asia. However, until more conclusive evidence is obtained the two species should remain separate. Hoare (1972) treats both forms as subspecies (i.e. T. o. otospermophili and T. o. spermophili) because of their geographical separation.
A revised description of T. otospermophili (using mensural data from the literature as well as our own), its synonyms and recorded hosts are given below. 
